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I
PREFACE

This report is one of three volume s prepared to assist government and \
contractor personne l in managing and performing system requirements
definition and analysis : requirements engineering. The primary results of
this study has been the definition of guid elines and standards for
requi rements engineering (Requi rements Engineering Guidebook ) and the
identificat ion of automated aids to support the application of the
guidelines and standards during the initial phases of the Air Force system
acqu isition life cycle - the Conceptual and Validation Phases.

This study refl ects Log icon ’s experience with an automated requirements
engineerin g tool applied in support of the acquis tion of a large Air Force
surve illance system. The Requirements Engineering Guidebook reflects the
needs of an Air Force System Program Office acquisition environment ,
however , the basic requirements engineering principles and guidance are
easily adapted to other acquisition environments.

Th is report was prepared by Logicon for the Air Force Systems Command
(AFSC), Rome Air Development Center (RADC), Software Engineering Section.
Administrative review and technical coordination of this report have been
accomp l ished for RADC by Mr. Michael Landes (project officer).

Rev iew of this report was accomplished at RADC , by Electronic Systems
Division (AFSC/ESD) personnel at Hanscoiii , AFB , and by Logicon personnel .
Special thanks to the many reviewers and for the patience and skills of Ms.
Marcia Brehm and Ms. Deborah Queen for the technical typing, proofing, and
rev i sions.
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\
1. INTRODUCTION

M ilitary systems acqu i sit i on has a hi ghl y regulated ens i ronment. However .
many ot the m ilit ary system eng ineer i ng management procedures are not
appropr iate for the comp lexity of the syst.e~s being procured. This volume

surolliari zes the results of a Logicon study 1 for the A i r Fo rce i n whi ch

gu idel i nes and standard s for systems requirements def in it i on and ana l ys i s
have been developed for the in it i al phases c~f an A i r Force systems

ac qu i sit i on. The gu i del i nes and st an dards are presented i~~ the

Requirements/
1Eng i neering Gu i debook , the third volume of th i s three volume

report . G~4dance 
i s prov i ded for defini ng and anal yz i ng the requ i rements

for the g~’stem as a whole (Conceptual Phase). Add it i onal gu i dance i 5

prov ided’ for expand ing and refin i ng the i n it i al defi n it i on by the
allocdt~cn of the requirements to spec ifi c components of the del i vered

system , w i th spec i f i c em phas i s on computer program development L
~~ecif ications (Validat i on Phase).

This volume presents an overview of the Air Force systems acqu i siti on
env i ronment and associated requ i rements eng i neeri ng problems. This vol ume

briefl y di scusses the methodology app l i ed dur i ng the study and the

technica l results .~ .-The techn i ca l resu lt s concen t ra te on the Requ 4 rements
Eng ineering Guidebo~k , including a descri ption of the characterist i cs of
qual i ty r~quirements

2, a discussion of various requirements types , and

the 5 procedures for Conceptual Phase and Validation Phase requirements

engineering. The Requirements Engineering Guidebook is described and

1 This work is supported by F30602-77-C-0207.

2 The term ‘ qual ity requirements ’ is used throughout this study to
denote system requirements which are comple te , cons i stent, testable ,
and traceable. This characteristic is the result of the requirements
being discretely identified and well-organized as discussed in the
sections to follow. 
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supported by sa . ~le output f rom a comprehens ive automated requirements
eng Ineer ing tool w h i c l c -  is currentl y be i ng empl oyed by Log icon on an Air
For -CC p r o j t c c t .  T h i s v o l u c - c - :e di scusses th e \~eve 1opm ent of a list of
JUt Oflldted’-tth l C cc- ~~J b ’ l I t 1C S  which support the ’d, Re.~ i renients Eng i neering

Pt’b o~ .. cori ci ut.l ’ n~t w 1 Pt a 1 ~~t of recoisuiiendat~i ons for further research
act iv it ~es.

A R  F~R LL ‘YSTEMS 1~IU1 NLLR1NG MANAGLMLNT

The coalp lt-x c - t y at niI Itary systems development has continued to outpace
the’ : : ‘ cd r i cc -g dnh e c n t. and technicdl ri-sources support i ng the acquisit ion process.

~)ur n~; t ht 1 c- t,c-U~~ arid i nto the earl y 1970 , systems development in the Air
f~, m - ’c, C ~.) Ic- t I-ll; I. 1~istc - :and (Al SC) was regulated by a series of manuals , the

Al ~aM 3i’S -~t’r 1e S. lw , of these manuals concentrated on system engineering

~rocedures 1 \I SCM 3/5-S Li]) arid documentation (AFSCM 375—1 [2]). This

tc - i yhl~ regulated approach WdS necess c-tated by the increasing delivery of

obsole te systems , wh i ch resulted from the less regulat ed systems

de’~t-lo I ;:ent approaches of prev i ous decades (1940s-1950s). Added to this
obsolescence pro b 1e~’c was the ri sing comp lex ity of the systems being
developed to meet the national defense needs of the post World War 11
decddes , ‘nclud ’ng the increased app lication of systems with embedded
software. -

The AFSCM 375 ser i es provided fer flex ibility in its app lication but was
not comp letel y understood. As a result of the difficulties encountered in
app l ying AF SCM 315 , the Air Force began to rescind parts of the series

during the late 1960s. The Air Force documentation requirements of AFSCM
3/5-1 evolved almost unchanged into the present standards for

spec ifi cation practices , MIL-STD-490 [3] and MIL-STD-483 (USAF) [4]. The
system eng ineer ing procedures , AFSCM 375-S evo l ved into the present

regulation for A i r Force program offi ce eng ineering (AFR 800-3 [5]).

Contractor system engineering requir~tments are described in the present

A ir Force standard for engineering nagement , MIL-STD-499A (USAF ) [6].

— ~~~~~~~~~ ~~~~~~~~~_  
‘
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As prev iousl y reported [7]. it is becoming evident that pre sent military
rc-;dnagement pract ices and techn ical resources are not adequate for the

increasin g l y complex military systems be ing developed . A principle area
of deficiency has resulted from the inadequa cies of the system eng ineering

gu i delines in MIL-STD-4 99A and AFR 800-3. In the wake of rescinding the

system engineer ing requirements of AFSCM 315-5 , si gr ;i fic ant practices for

systems requirements engineering were not translated or updat ed into
present practices . As a result tisany essential requirements engineering

practices are non-existent or have been de-emphas ized.
a

This trend toward less regulated Air Force systenc-s engineering manage ic-tent
has been encouraged by defense contractors in a desire to allow for more

compet itive and innovative approaches to systems development. Numerous
contractors have responded by developing systems engineering procedures.

However , other defense contractors and m il itary agencies ha~ e not
developed systems engineer ing or managem ent practices which satisfy the
real technical and management needs of Air Force programs.

In recent years systems requirement s engineering has received renewed

attention within academic and milit ary research and development (R&D)
environments and is now coming to the forefront of research and

applications for improved military systems development . AFSC ’s Electronic

Systems D i vision (ESD) has acquired a computer- di ded requiret u ents

eng i neer i ng tool , CADSAT , and has encouraged the applic a tion of this

computer aid in Air Force requirements engineering activities. ’ Log i con

1 The Computer -Aided Design and Specification Anal ys i s Tool (CADSAT ) i s
an A ir-Force-owned requirements analysis tool developed by the
Un iversity of Michigan under ESD/T0I contract F19628-76-C-0197. [8] [9]
The extended version is a modifi cation developed by Logicon for applica-
tions to military systems under ESD/OCU contract F19628-76-C-0218.
CADSAT ’s User Requirements Language/User Requirements Analyzer (URL/URA)
is basically equivalent to the Problem Statement Language and Problem
Statement Analyzer (PSL/PSA) developed at the University of Michigan.
[10]
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The pr i ncip le tasks of the study concentrated on developing guidelines and
standard s for requ i rements engi neeri ng . The Requ iremen ts Eng i neer i ng
Gu i debook was a product of the first three RSS tasks. The Gu idebook

concentrates upon the first two Air Force system acquisition phases , the
Conceptual and Val idat i on Phases. The Conceptual Phase is the init ial

period when the requ i rements are defined for the system as a whole. The
Va lidation Phase expands and refines the Conceptual Phase requirements.

During the Validation Phase the requirements are allocated to specific

end_ items which are confi gured into the delivered system , such as hardwa re c-
(radars , computer equ i pment , etc.), an d other items such as computer

programs. The RSS concentrated on the development of computer program
requ~rements.

a

As the preparation of the Gu idebook conti nue d , the role of automated

assistance to support the Guidebook was addressed. In developing the
Gu idebook the necessa ry requirements engineering act iv i t ies were viewed
from a systems eng i neering perspect ive. Existing automated tools which
have evolved from academic and R&D environments lack many of the
fundamentals of requirements engineering needs of the Air Force systems
eng i neering process. The RSS review suggests that these init ial tools
we re des i gned with a bias toward later phases of systems development and

are burdened by the same problem experienced with most other software

systems: exist i ng automated requirements def inition and anal ys is tool s
are attempt ing to solve an undefined problem (i.e., the requirements for

the tool s are ill-defined). The requirement s engineering process must be

defi ned with in the systems eng ineering process with specific attention to

the earl y phases of system requirements engineering, then the study of
automated assistance in accomp lishing the requirements engineering tasks

may proceed. The latter was the objective of the RSS. As a result , the

requirements engineering tool capabilities which support the Guidebook

were separatel y identified and described. Next a description of two

approaches for automated ass i st ance i~ su pport of the Requirements

Eng i neeri ng Guidebook was addressed.
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This final technical report contains the followi ng : the Requirem ents
Eng i neering Guidebook , a description of automated tool capabi lit les which
can suppor t the Guidebook ; examp les of the use of an existing automated
tool (Logico ~i-[xtended CAD SAT ) u s i n g  the Guidebook ; a descri ption of two
approaches for applying CADSAT in support of the Guidebook , recomme ndati ons
on imp l ementing the Guidebook within the existing regula tions , ap plica .~le
standards and specifications , an d other results and r e c o m m e n d a t i o n s .

4. REQUIREMENTS ENG I NEERING GUIDEBOOK

Requ i rements Engineering

During this study , requirements engineering was determ i ned to be a distinct

engineering discipline which needs to be addressed separately from other

aspects of systems engineer ing. During the l9bOs requirements engineering
was integra l to the procedural aspects of the cjstem engineering process
established under AFSCM 375-5. Neither the current military standard for
eng i neering iiianagement (MIL-STD-499A) nor the guidance for program office

engineering (AFR 800-3) define requirements engineering . Requirements

engineering is vaguely defined to be part of the systeitt engineering

process : the funct i onal anal ysis-synthesis tasks. This type and form of

guidance is inappropriate for the requirements engineering activities which

muz.t be accomp l ished during the early phases of the acquisition process. A

requirements engineering definition must be stated and the procedural

issues addressed. The following defini tion has been prepared during the

course of the RSS :

Requ i rements Engineering is an iterative process of defining the system 1
requirements and analyzin g the integrity of the requirements. This
process invc lves all areas of system development preced i ng the actual
design of the system. The products of the requirements engineering
process can be evaluated for completeness , consistency , testabil ity ,
and traceability. The essential goal of Requirements Engineering is
to thoroughly evaluate the needs which the system must satisfy .

1 A system in the context of th is presentation is an aggrega~e of
equipment , personnel resources , ca pabilities and techniques which
collectively perform an operational role. The composite system includes
all related facilit ies , i tems , materials , services , and personnel
required for the system ’s self-suff icient operational deployment.
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Th is definition distinguishes requirements engineering from other

eng i neering management tasks such as program planning, cost ing , trade-off

studies and a host of other issues surrounding the earl y phase of systems
development. The definit ion distinguishes requirements engineering as

being concentrated upon the actual definition of the system requirements.

The lack of specific approaches and techni ques for m i li t a ‘y requirements

engineering allows even the best intentioned analyst to digress rapidly

from the “need” category to the ‘how-to ” or solu tion oriented requirements

definitions. This is a natural tendency especially for any design-oriented

engi neer , suc h as a software engineer. During the course of requirements

engineering, the analyst must also be aware that non-design-oriented system

documentation , suc h as functional (Type A , MIL-STD-490/483 (USAF) System!

Segment Specifications) and development (Type B , MIL-STD-490/483 (USAF))

specifications , is the medium for communicating the system requirements to

the design engineers . The requirements engineering goal is to identify

“discrete ” requ i rements of the system and to organize these requirements t

in effective ways for further analysis. The results of this process is a

set of “quality requirements .”

Qual ity Req~j rements Characteristics

A set of qual i ty requ i reme n ts cons i sts of di screte requ i rements , wel l
organ i zed to permit further analysis Early requirements documents usually

have one prevailing characteristic: the requirements are spread over

var ious source documents and/or presented in various parts of the

document s, and the requirements overlap each other. This is partly because

of the fragmented nature of the early planning and study efforts which are

formulat ive and investigatory . The specification documents in many

instances are products written to meet acquisition needs and schedules

rather than repositories of quality system requirements .

F igure 2 illustrates the first characteristic of quality requirements:

discreteness. The key to identifying discrete requirements is to break the
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source documentation into individua l parts which represent non-overlapping

requirements. Requirements should then be categorized as functions the

system must accomp l ish or as system const ra in ts  (performance , phys ical ,

ope rability , test , desi gn). ’ At this point missing or incomp le te
requirements can be more read il y identified. This itemizat ion and

categorizati on of requirements introduces clarity , where as the source
documentat ion may be overstated , ambi guous , redundant , incomp lete , and

inconsistent . Thi s process of itemization also provides the basis for

ver ify i ng the qual ity of the requirements and for accessing the ability to

test the requirements in the target system.

The second characteristic of a good statement of requirements is the
• arrangement of the requirements in effective ways for additional anal ysis

and for conun un icatin g these requirements t.o the using agency and to design

eng i neers. The ident,ification of discrete requirements provides some

awareness of omissions and gaps ‘in the requirements. This awareness is

further hei ghtened by organizing the requirements in ways which identify

al l the relationshi ps among the discrete requirements (Figure 2). These

relat i onsh i ps are of three types : logical organizational relationshi ps ,

system flow relationshi ps , and requ i rements tracea b ilit y rela t ionshi ps. ‘ l

Log ical organizational relationships are shown by structuring the discrete

funct,ions and the information requirements (external and internal input!

output ) of the system into hierarchica l structures. The concept of a

functional hiera rchical structure was introduced into military systems

development through initial systems eng ineering practices dating back to

the 1940s. This concept has been maintained in mi litary systems

development and documentation throughout the 1960s and is an integra l part

1 The system requirement types (functions and constraints) are discussed
in more detail in the next few pages.
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4

of the current military standards for system documentat ion , i .e . ,

MIL-STD-490 [3), MIL-STD-483 (USAF ) [4], DOD 7935.1-S [11]. Current

techniques for system development , such as the Hierarch ical Input-Output-

Process (HIPO [12]) visual table of contents and automated requirements

anal ysis tools (PSL/PSA , CADSAT ) retain the princ i p l es of func ti onal
hi erarchical structures. This form of organizat ion provides a view of the

system as an aggregate of f u n c t ions  broken into a log ical arrangement of

subordinate discrete activities which must be performed . A samp le port i on
from the Logicon-Extended CADSAT Structure Report (Fi gure 3) demonstrates

the functional break out of a space system’. This section of the report

shows the hierarchical breakdown of the space-system- x into discrete

functions. Each breakdown of the functions is denoted by the i ndented

format and the hierarchy level number. For examp le , boost breaks down into

four level 4 subfunctions. Ovir the course of requirements engineering,

many missing or incomp lete functions can be directl y identified from the

functional hierarchical structure.

The discrete system inputs . outputs (external I/O) and the interna l

informa tion requirements necessary for the system ’s operation can be

logical ly structured in the same manner as the functional hierarchy . The

emphasis again is the arrangement of the information requirements into

structures by breaking the information into logical subordinate parts or

simp ly as groupings. A well-organ ized structure is effective in

communicating the information requirements and for identifying incomplete

or missing i nformation requirements.

System flow rela tion ships can be shown by organizing the discrete

requiremen ts in terms of control flow and information flow . As the

functions of the system are defined , the control relationships between

them are identified. These control relationships describe the logical

F igures 3, 4, and 5 are CADSAT - like reports based upon the
space—sys tem-x examp le con tained in AFSCM 375-5 , att achment 2 , pp
128—130 [1)

LI 11
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I

order in which the system activities should be accomplished to satisfy the
system mission and operational requirements. Figure 4 is a control-flow
report for a portion of the space- system-x. In this report (CADSAT Process
Cha in) the flow of control is from left to right. Any number of CADSAT
process chain repo lL s can be generated to provide the analyst with a

comprehensive understanding of the system control flow. Control-flow
anal ysis  provides a means of viewing the system from an activity -oriented
perspective and is often referred to as functional-flow analysis. On the
other hand , i nformation -flow analysis build s upon the information hierarchy

structure by providing a means of viewing the system as an information
processing system. During this analysis the flow relationships between
externa l system i nputs and resulting outputs are identified. Quite often
the most effective means of performing i nformation -flow analysis is to
trace an output back to system inputs: external data , messages , or stimuli.

As a resul t of this analysis the relationships between the associated
functions and the internal information necessary to support the derivation

of the output are identified. Control -flow and information-flow analysis

wil l ident i fy necessary changes and additions to previ ously defined

functions and constraints as well as to the hiearc hy structures and other

relationships. Missing or incomp le te requ i remen ts can be determ i ned an d
the deficiencies corrected.

Requiremen t s traceability analysis provides the analyst with a means of

verifyin g the requirements by link i ng each requirement to all forms of

source documentation. The Requ i rements Traceability Report (Figure 5)
shows the traceab ility between specifications contained in separate

requirements data bases. Fi g u r e  5 tr aces the requirements one
specification of the space-system-x to the allocated requirements contained

in the next level of specification , Th is form of analysis aids in

vali dating the requirements. Relationships can also be defined to other
pertinent studies , analyses , and plans which are being accom plished

concurrently with the requirements engineering activities. The links to

associate d system plans , analyses , and studies accompl i shed prior to ,

during , and subsequent to the start of formal requirements engineering are

13
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cr uc i al to th e o v e r a l l  systems engineer ing concept .  Throughou t t he
requ i rements eng i neering activities the anal yst must be able to evaluate

the impact of changes to the requirements. Once the area of impact is
identified in the requ i rements engineering products (Functional and I/O

hierarchies , cont ro l  and information-flows etc.) the traceability

rela ti onsh i ps provide the capability to readily identify associated impacts

to the system and to trace the impacts to all other associated

documentation. The impact can be readily analyzed and the appropriate
• actions taken.

Discrete and well-organized requirements support the primary goal of

defining the operationa l mission needs of the using activity while giv ing

the anal yst visibility and control over the system definition process.

Discrete and well-organized requirements are prerequisites for the creation

of system functiona l or development specifications.

System Requirement Types - 

-

Unders tandin g the various system requirements types and their use

contr ibutes significantly to the identification of discrete requirements

and , therefore , quality requirements definitions. Table 1 shows that there

are two sets into which system requ i rements may be organized .

The functional requirements set is the backbone of the system requirements

engi neering process. It is within this set of requirements that the pure

design-free or solution i ndependent needs are declared. Simply stated ,

and the funct ional  requirements represent the total discrete system

act ivities required to achieve a specific objective. A functional

requirement identifies what must be accompl i shed without ident ifyi ng any

aspect concerning the means such as hardware , computer programs personnel ,
facilities , or procedural data. The functional requirements represent a

problem statement devoid of any overtone or specifics regarding real or

conceptual solutions which satisfy any or part of the needed functions.
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Table 1. System Requirement Types

The set of discrete functions which
FUNCTIONAL identify the pure design free or
REQUIREMENTS solution independent needs of the system

as a whole. The functional requirements
(functions) identify what must be accomplished while

avoiding solution statements or overtones.

How wel l the system
PERFORMANCE functions must be

accom p l i shed ,such as
timeliness and accuracy.
Al so ca ll ed perform ance
characteri stics ,
MIL-STD-490 .

Inf l uences the des i gn
sol ution in a physical

PHYSICAL manner: power, s ize ,
wei ght , env i ronment,
human factors , existing
system interfaces , GFP , C

etc. Al so called
Physical Characteris-

SYSTEM ti cs , MIL-STD-490.
REQUIREMENTS

Reliabili ty, main tain—
CONSTRAINT OPERABILITY abili ty, availability ,

REQUIREMENTS dependability .

(Constraints)
Identify the functional ,
performance , physical ,

TEST operabil ity , and
design requirements
which will be evaluated
during system i ntegra-
tion and test.

The minimum or essen-
tial design and
construction require—
ments which are a
constraint on the
functional require-

DESIGN ments of the system
during the design and
construction of the

• system end-items
(CIs / CPCIs). Also
called Des i gn and
Construct ion , MIL-STD-

_______________ __________________ 490.
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Some exam ples of discrete top-level functions for an electronic system
mi ght be surve illanc e , track’ng , 4dent ification , in terceptor control , and
commun icati ons.

The second set of requirement s ~s the constra i nt set which consists of five

requirements types: performance , physical , operab ility , test , and desi gn
(as described in Table 1). The constraint set modifies the functional

requirements set. Without the constraint set, a solution for the system
funct iona l  requirements could not be ach ieve d. However ,excess ive or
unrealist ic constra ints can eliminate all solutions or increase the
technical risks and cost of the solution. Therefore , the identification and
management of the constraint requirement set must be achieved with care.
Whenever specifi c constraint s are identified , there must be sufficient
justification , such as an engi nee ri ng ana lys i s , wh i ch c l ea rly shows tha t
the constraint is a reasonable , necessary , and prac ti cable , and represents
an actual requirement and not just a desirable feature.

Re qu ir emen ts Eng i neer i ng P rocedure

Requirements engineering ~s an iterative process of defining the system

requirements and anal yzin g the integrity of the requirements for

com p l eteness , consistency , testability , and traceability. As the process

con ti nues , the system requirements are defined and anal yzed in a

progressivel y expand ing manner. The definition and anal ysis activities

wil l  move from one area of concentration to another as the results of

previous activities reveal areas needing additional work. No singular

approach can be rigidl y defined and app l ied which can take into account the
many possibilities which must be considered. However , gu idel i nes for
requirements engineering and associated tasks can be defined and then

tailored for specific requirements engineering app l ications. The followi ng
is a synopsis of the requirements engineering procedures contained in

Volume I I I , Requ i rements Engineering Guidebook. The general framework for
requirements engineering is illustrated in Figure 6. Each block represents

a un i que requ i rements engineering activity which must be accompl i she d In

:8
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d e t i n i n y  and anal ’,~’in q ‘1 ’~stein requirements. There is constant interaction

between the  act ’ I t l e ’s_ ot each block , and although each block appears as a

single act ~v i ty , i t  is in fact part ot a continuum. Select ion of an actual

approach to r ’  a g ive n app i icat  ion is one ot the t asks (BLOC K i’).

the act i~ it  ~~~~~~ i dent ifie d in igure t~ may he organized into five general
st &‘ps . In s t op I (PL~ CKS 1— .’) pei’t i nent source documentation is identI fied

arid t o y  1 ewt cd I he anal s is t eani deve 1 Or’S d t’equ 1 rement s engineering p1 an
wh ich i dent i t  i o-; t h e  resources requi red and the spec i t i c  approach to be
taken in pertonii i nq the r’eina in i rig requ i r’eme nts eng i riecring tasks (BLOCKS
3 — 1 4 ) .  Step .

‘ invo lves it,lent i ty iny and oryan i.’ iny the activity structure

arid lil t or’ iIia t ion st r’uc t ure ( s ) ot the system . The requ i rement s engineering *

tasks ~rssoc iated w i t h  ~1 dt ’ kS 3 — 5 are concentrated on analy: i ny the system
sourc e document at i oil t o  iLtent i t ’ , act i v i t i es pert oniied by the system. if
the syct eiii i s  ~-r iiua r’ ly act l v i  t ’, oriented • such as a c~ iuiiand and control

system , the anal ys is  a ct  iv i t  IOc liis1~ he concentrated on the t~~k s  i d e n t i f i e d

in BLOCK~
s_ 3— 5 . It on the other hand , the syst em is primarily information

or i ent ed . as i ri t he case of a C ~iunun i cat ions system or .t ni automated data
p rocess ing  sys tem ( A W ’)  app l i c a t i o n  such as a m anagement informat ion

syste m , the a n a l y s is  act  i v i t  i r s  may he concentrated on the tasks associated

wi th BLOCKS t — ~~ . General l ’~ t he ana lys is team performs the act iv it i es

associated with BLOCKS 3-5 and Iit 1)CkS t~~
—

~~~ concurrently. During step 3 the

I OW of con t ro l  be tween system tu nc t  ions (BLOCK 9) and the flow of
iritonuat io n into 1 w it h i n , and  out ot the system (BLOCK it) ) can he defined

and a na lyzed .  S t e p  4 involves ,inaly: in iy the system requirements for

testab 1 ii ty (BLOCK 11) and prt’par i niq requi red spec i ficat ion documents
LIP ~s_ L’). Step S cons i st s o t two act iv it irs which are c o u t  1 nuous 1 y

pert  ormned i ii co n j u n c t  ion w i t  h t hr .rc t i V it irs of B LOCKS 3— 1 .’. Source

document  a t  i on r’et rrt’rict’s are ma i rita I ned for each requ i renient identif ied arid
ra ct ’5ib i Ii ty a n a l y s i s  is per’toniied (BLOt ’k 13). Various consistency and

conip i rtrnes ’5 checks (BI OCK 14)  ar e  a lso accomp l i shed . Vol ume 111 contains

a mol’ t’ dot . m i  i t ’d dcsc r I p t  i Oil O f  t he a c t  i v i t  i i  to be pet -I o ,‘iiied arid

s ta ndards t o  he ap p  l i ed  , inc 1 ud i ny a desc r ’ i  p~ i o n  of Conceptual and

V a I idat i on Phaso I ssii e ’s

• - ~—.-. - — -,
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5. RE QUIREMENTS ENG INEERING TOOL CAPABILITIES

• The fol l owing paragraphs describe the role of automation in requirements
eng ineering and suninarizes a more detail ed discussion of automated tool

capabilities presented in Volume II.

Intrinsic Capabilities of Automated Tools

Automated tools like CADSAT assist requirements enginee ri ng in fou r ways :

• Provide a medium for formal requirements definition

• Perfo~~ udimentary anal ys i s

• Produce document ‘on

• Permit a f l e x i b l e , i t e r a t i v e  approach to requirements
definition

Au toma ted tools ,li ke CADSAT , consist of two parts: a language arid an

analyzer. The language provides the nieans for describing the requirrmt ’nt \
for functional and development specif ications. 1 The report languayr and

anal yzer can be used to assist, the anal yst in comp let ing the I

described In the Requirements Engine ering Guidebook (Volume 111 ) .

1 In A ir Force system acquisitions the functional specif icat ion i~~ fL ’
system/segment specification (Type A , MIL-STD-483 (IJSAF), A ppend~x 111 )
and the development specificati ons are Type B specifications. The
Computer Program Configuration Item Specification (Type B5, M1L-STD -4~3(USAF), Appendix VI) Is the primary development specification addressed
In this study.



I

Language Objects and Relationships

The language objects and relation ships described in this paragraph
incorporate all the system requirements and provide the means to analyze
the requirements through automated means. The “nouns ” of a requirements
definition language are called objects. For example , there are objects
for describing system functions and other objects for describing system
external and internal input s and outputs. Each object is named. For
example , the requirement , “sense stage preparation signal from automatic
systems , ’ is a functional requirement and might by entered in the
requirements data base as a function object called :

sense— stage-separation —signal-from-auto — systems.

Depend i ng on the application of the automated tool , not every aspect of
the requirements has to be formalized. The essential objective is to
make the requirements discrete and to organize the requirement s as a
basis for further analy sis.

The language should allow various relationships between objects to be
described. These are the “verbs ” of the language. Several relationships
describe simp le requirement-to- requirement and requirement-to-document
associations. For exampl e , certain relationships establi sh the
h i erarchical structure of functional requirements (Figures 3 and 7) while

• others define the hierar chical structure of system external and internal
i nputs and outputs (Figure 8).

Some relationships describe the flow of control among functions (Figure
9). Some of these control flow relationships are also illustrated in
Figure 3. Other relation ships describe the flow of information i nto ,
within , and out of the system (Figure 10). Each requirement object
(function , constraint , I/O , etc.) and relationship (functional and
information (I/O ) hierarchy , control and information flow , etc.) can be
supplemented by a textual description.

22 
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• SYSTEM-NAME

function name

A B C~~~~~~

AB A )A ~JB Ct~k JB

ACA AC B ACC
• • .
• • •
• I I

Gr~p~ ic Representat ion

SYST EM-NAME
A

AA
AB
AC

ACA ... -~~

AC B
AC C

B -
~~~

BA...
BB...

C
CA...
CB . . .
CC

In dented Representation

Figure 7. Function al Hiera rchical Structure
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SYSTEM I /O

B 

•‘•etc

BA BB BC 

etc

•.s etc

• 

BBA BB B B~C

Grap hi c Represen tation

SYSTEM I / O

INPUT-A
OUTPUT-B

BA...
BB

BBA . . .
BBB
r~c
(etc )

BC
(etc)

INPUT- C
OUTPUT-D . . .
(e tc )

Indented Representation

Figure 8. I/O Hierarchic al Structure
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T he Ana lyzer

The ana lyzer is the second part of an automated tool li ke CADSAT. It .
generates a series of reports. The reports , essential for the app licat .’on
of the Requriements Engineerin g Guidebook , can be grouped into six general
report categories : requ i rements data base management , functional anal ysis ,
I /O ana l ys i s, traceability analysis , test anal ysis and documentat i on.

Requ iremen ts Da ta Base Manag emen t

Change Requirements Data Base Reports - The anal yzer handl es requirements
definition entries into the requirements data base and changes defi nit ’ons
already i n the data base. The report is in the form of a listing of
changes made to the requirements data base.

Object Inform ation Report - The object inf or n iat ~~on report is used to
cneck the contents of the requirements data base. Provided with a l i st
of object names , the report supp lies a listing of selected informati on
about each object.

Source Document Surmiary Report - The Source Document Sunum ary report is
used to compare the requirements data base contents against the source
documentation. The report presents a sequential li st of all source
document references.

Identify Specified Objects Report - The purpos e of th i s report is to
retrieve requested object and relation ship information from the
requ irement s data base. It relieves the anal yst of si mp le but tim e
consum ing tasks. For examp le , this report aids in find ing sources whi ch

L 

have not been comp letel y an al yzed and referenced or functions which have no
control or information flow relationships.

Requ i rements Data Base Status Reports - The Requirements Data Base Status
Reports provide sumary information on the contents of the requirement s

__________ - - - ~ - 
~ ‘4rj t ri~11Ij 1flnff 4~ 1t~1~~~ 
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data base. Requirements data base objects are listed along with various
s t a t i s t i c s  showing the quantiti es , percentages (as appropriate), and

quality of each object In the requirements data base.

Func ti ona l Ana lys i s

Func ti ona l Hi erarchi cal Structure Report - The primary purpose of this

report ‘is to provide requirements visibility. The report uses the

functional hierarch ical structure i nformation contained in the requirements

data base to present the breakdown of system functions from the general to

the speci f ic .  The secondary purpose of the Functional Hierarchical Struc-

ture report is to present requirements data base information in a format

t hat i 5 eas il y used by the anal yst.

Contro l-Flow Report - The Control -Flow report hel ps identify the

com p leteness and consistency of system control flow. On input of a

function name , the report traces the control flow forward or backward by a

specified number of functions. Missing control fl ow logic is hi ghlighted

by a premature termi nation of the flow sequence in the report.

I/O Function Interaction Report - The I/O Function Interaction report

shows the information flow for selected functions or I/O. The report is

useful when the anal yst is cnncerned with a portion of the system relative

to a selected group of /0. It answers such questions as “ “How does the

system I/O tie t hese functions together?” or “Where does thi* I/O fit i nto

the system?”

I/O Analysis

I/O Hierarchical Structure Report - This report prints selected parts of
the I/O structure. The report is used by the analyst to review~and upgrade
the 1/0 structure. The final results provide visibility into~ the system
I/O structure.

k 
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Informa tion -F low Report - In format ion-Flow reports hel p to assure a
com pl ete and consistent-I/O descripti on of the system. The report can also
be prompted to trace system I/O from the system external inputs toward the
external outputs (or vice versa). The report hel ps the anal yst to examine
the information flow for logical errors and i nconsistencies. When the
report is unable to trace back to system external input s, missing functions
or flow relat ionshi ps are indicated.

Traceability Anal ys i s

Find Related Requirements Report - This report aids change impact anal ysis
by using the requirements data base informati on to locate requirements
which are in some way related to a requ i rement which may be chang ed.

Requirements Traceability Report - The Requirements Traceability report
shows the traceabilit y of requirements from one set of documentation to
another. Variou s options are provided . Requirements are traced from the
source documentation to the requirements data base (based on a second set
of source documentation) or from the source documentation to the second
requirements data base.

Test Anal ysis

Test Report s - The test reports are used to evaluate the quality and H
completeness of test p lans and procedures. Reports can be prepared for H
each test case defined for the information and control fl ows. The test H
reports show the relationshi p between system flow test points and

H - associated - test case s , test pl ans and procedures and other pertinent
source documentation.

Documentation

Requ irement Document Report s - The Requirement Docum ent Report s are

- 29
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automated report s whi ch can be used directly in system documentation.
These report s should conform to the format requirements of the prescribed
documentation standard , such as MIL-STD-490/483 (USAF).

6. ADDITIONAL STUDY RESULTS

The pr imary results of the Requirements Standards Study are the
Requirements Eng ineering Gu idebook and the descri ption of automated tool
capab i l i t i es. Addit i onal results in clude: an examp le illustrating
app l i cat i on of the Guidebook in an A ir Force system acquisition , a
descr i ption of an imp l ementation approach for app lying the Guidebook -in Air
Fo rce ac qu i sit’ons , and a discussion of two approaches for emp loy i ng CAD SAT
i n the requ~rements engineering activities presented in the Guidebook.
These add itional results are sun~ arized below .

Requir ements Eng i nee ri ny Exa nip le -

The requirements engineering examp le presented in Vo lu me I I , Appendix E
was derived from actual requirements engineer ing acti ’~ities associated
with an A ir Force surveillance system acquisition. Excerpts from the
surveillance system segment specification (Type A) are included at the
conc lusion of the examp le. The example presents a descri pti on of the
actual requirements eng ineering performed on the specificati on in

• conjunction with the use of an automated requirements tool , Log i con-
Extended CADSAT . Cross references between the example descri ption and the
requ i rements eng ineering activities in the Requirements Engineering
Guidebook are ident ifed by references to appropriate activities.

Imp l ementa tion Approach

The imp l ementation of the Requirem ents Engineering Guidebook must address
certain issues, practices , and policies within the Air Force systems
acquistition life cycle. The present lack of direction provides littl e
v i sibility into the requirements engineering activiti es of Air Force
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program office engineering staffs or their support engineers. The ~
‘ —

princi p le program office goal is typically to prod uce a draft

system/segment speci fication which satisfies program office schedule and

miles tone objectives. The current specification preparat i on process is

general ly an i terative drafting— review-redrafting process which takes pl ace
over many months . As a result , discrete and wel l orgainzed requirements

are not apparent and are seldom easy to identify in the resulting

specification documents. The Requirements Engineering Gu id eboo k , like the

concept of AFSCM 375-5, places the emphasis on engineer 4ng tasks preceding
the preparation of specifications. The various forms of i ntermediate
documentation required are more suitable to the needs of identify ing
reco rdir’!~~, and communicating the req u ir emen ts as they evo l ve .
Imp l ementation of the Guidebook must , on the one hand , recognize that
i ntermediate documentation provides the necessary visibility leading to
the preparation of good system requirements documents (Type A and 85

• specifications) while also recognizing that automated ass i stance is

necessary to reduce the burden in production and maintenance of required

intermediate and final system documentation.

The introduction of the Guidebook in the Air Force program office

env ironment for use in preparing or managing the preparation of

spec ifications will necessitate training in order to be successful.

A lthough a requirement to app ly the Guidebook could be directed towards

program offices, the lack of training coupled with a certain resistance

factor could result in the Guidebook bei ng utili zed only minimally, thereby
lessening the benefits which the Guidebook can provide. The training must

encourage a positive attitude and assist engineers in performing their

work.

— 

Applica tion of the Guidebook will require changes in current regulations ,
standards, and specifications. However, these changes are minor. They
are essentiall y refinements and clarifi cations. The concept of
specification development (Type A , Type B, etc.) is a wel l established

procedure for successive refinement of “needs” which leads to a “design

31 
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t o  concept and u l t i~ratel y to the real’’’es of an as bu ilt ” product.
The Requ ’remen s E n-.’n ecr ’ ny ~,L d t ! t C~~~- ‘s su~~ e rt ~~ve of this system

~~~ ‘s~~’ori oonct~-t . However , the re~u ’red tL- rmdts for specification

re~-j ra~ ‘on w th’ r~ hose current ~t d~~~ r’L5 Lo~ld be improved , espec all y

~-4 ’th  cons iuerat~ on ~o au t un;j tOd doc un -e ntat ’ on and spec ’1fi ca~~ n generation
co fr er ,~‘ nt a ’ ned  requ’remen ’s i~ t~ base.

-.a r ’ous A ’ r  Force ~u~ l’t ~ assurance requ ’ rements and guidelines would
also re~~’re changes. The Requ irements [ng’neer’ng Gu’debook intermediate
documentat ’On requ i rements wo. ’de qu~l~ ty assurance personnel wi th  the
u b i l i~ v to ev alua t e the ~‘-ro~ rt’SS of systems requ irements defi nit ion and
a na l ys’s , an d ro ens:;re tha t ~he requ i rements are clearl y stated and

unamb i guo us. Lh jr )L~es to curren t 
~ 4 al’ t y assur ar~ c task ing should require a

more acti ve role i n ~~o rc~:u ’re~’e nts en~~neer ing act iv ities and rev i ew of
i ntermedi ate documentat’on .

Changes are also necessary to ~he eng ineer ing management concepts required

‘n MIL-STD-499A (USAF ) and -\FR 300-3. MIL-STD-499A describes the

fundamental concept s an~ cr’ter’a against which contractors can propose

the i r indiv idua l ~nternal procedures as a means of satisfy ing Air Force

eng ineering requirements. It does not specificall y add ress requ i remen ts
eng i nee r i ng. The de fin~ t i on of requirements eng ineering should be
i ncorporated into MIL-STD-499A. Other changes should direct the contractor

to address requirements engineering in the System Eng i neering Management

Plan (SEMP). Fi nall y, the system program office acquis i tion management

gu i dance (AFR 800-3. ‘wineering for Defense Sy~stems) should be modified in

conjunction w’th N~~- D-499A. Again the definit i on of requ ’~r’tmen ts

eng ineering should be i ncorporated into AFR 800-3, and specific di rection

for the program office t,o perform requirements engineering should also be
i nclu ded as a separate acquisition management task.

Au tomated Tool Design A~~~~ ç

The requirements engineering tool capabilities described in Section 5

ret-resents the w~n imum capabilities necessary to support the Requirements
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I
Engineering Guidebook. Lach tool capability has been evaluated against

-
~~ the basic CADSAT capabiliti es as well as the Logicon-Extended CADSAT.

Basic CADSAT satisfies most of the standard requirements engineering

H- needs , especiall y the language capabilities. General deficiencies are in •

the report generation area. These deficiencies are both human engineering

and system engineering problems.

The Log icon - Lxtended CAD SAT was deve loped in conjunction w i th t he

surveillance system requirements engineering activities. Since th is wo rk

concentrated upon earl y requirements engineering (Type A and Type 85

specifications), the enhancements to the basic CADSAT satisfy a number of

essential earl y requirements engineering needs. The extensions concentrate

on the ana lyst needs for improved report generation. Liberti es with the

language were taken; the language features were employed differently ~n

some cases t.han ori ginall y intended . The basic and the extended CADSAT

satisfy most of the needs of the capabilities list and therefore the

Guidebook. One approach would be to emp loy the basic CADSAT with cert a~n

extended CADSAT features , primaril y to increase ease of use and prov i de
additional reports. The second approach would be to add additiona l

capabilities (reports) as well as to achieve the objectives of the t~ rst

approach. These improvements would build upon the presen cosig n of CAUSAl

including its extensions.

1. RESULTS AND RLCOMMLN DAT 1ONS

The Requirements Engineering Guidebook

The Requ i remen ts En gineering Guidebook has been developed from analysis

of past and present DoD and Air Force system engineering practices. It

incorporates established requirements engineering techni ques and approaches

of many leading defense contractors. The Requirements Enginee ring

Guidebook provides the necess~iry guidance for requirements engineering

which is not described in current Air l orce regulations , standards , or

specifications. rhe Guidebook provides a general roadmap for performin g

3 -~
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system requirements definit ion and anal ysis. It begins with a definition

of the i nTt-&~]~~~~er requirements and continues through the comp le te
detinition a n d  an~ T$ts— iLof the system prior to its development. The

Gu idebook allows for a flexib le~Ippi~o~~ in its application while providing

the necessary guidance for government contractor system anal ysts to
p lan and perform requirements engineering act~

’
i~~es, - It is recommended

tha t the Guidebook be app lied to selected programs to allow for

c larificati on and improvement of its contents and presentation. The

app licat i on of the Guidebook as a general guide may l ea d to a more
formalized approach such as direct contract app li ca t ions or a fo rmal -

-

military standard. The relationship of the Requirements Engineering

Guidebook to later phases of the Air Force system life cycle (such as in

the full -sca le  development phase ) should be studied and presented as an

extension to tne Requirements Standards Study.

CADSAT Enhancements

CADSAT has been found to be an effective tool for accomp li s h i n g  the
requ i rements engineering activities described in the Requirements

Eng i neering Guidebook. Certain modifications , additions , and improvements

to CADSAT have been ident ified during this study. These enhancements are

oriented to improving the human engineering and system engineering process.

The recomended improvements include simp lifying the language , streamlining

the anal yzer to eliminate unnecessary reports , improving existing report

capab i l i t ies , and increasing the overall performance and design of CADSAT.

These enhancements would increase the effectiveness of CADSAT i n suppor t of
the app lication of the Requirements Engineering Guidebook and would improve

CADSAT ’s efficiency. Extensive use of CADSAT in the Air Force acquisition

environment w i l l require continuing enhancements to satisfy additional

needs as described below. 
-

Extended CADSAT Capabilities

Four promising uses of a requirements engineering tool like the Logicon-
Ex tended CADSAT are (1) automated specification generation from the
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requirements data base , (2) management information system app lications ,
(3) additional query-reporting capabi l itie s, an d (4) s imula t ion
capabi lities. ~he first three can he presentl y achieved to a limited degree

by using CADSAT. Simulation using a requirements eng ineering tool i5

considered toO experimenta l to recommend as an essent ial capabil ity for a
requirements engineering tool at th i s time . Improvements in automated

specification generation from a requirement.s data hat~e is considered the

most ben eficial enhancement to CADSAT. Extended query_ report i ng

capabilities and management i nformation system features would be the next

most beneficial extension beyond the essential capabilities identit ied t.o

support the Guidebook. Finall y, simulation should continue to be

investigated and experimental approaches encouraged. A thorough anal ysis

of the benefits of siniulatio n in the Air For-ce acquisition environment ,

the identifi cation of requirements engineer i ng simulation cap abil ities , and

the development of the specified ca pab i lities ~nt.o current requirement

engineering tools such as CADSAT is recoinnended as a princ i p le area of
research at this time .

Evolut~~~~~~Approach

The ap p lication of the Requirements I ngi n eer in q Guidebook and the

recommended changes to existing practices , regulations , standards, and

s p e c i f i c a t i o n s  must proceed in a carefu l and selective manner. The

incompatibility of the Guidebook with some current, acqu isi t ion pract ices
will demand changes to exist ing regulations , standards , ar-md speci f icat i ons

over a period of time to allow the app lication of the Guidebook to evolve.

Essential to the promotion of the Guidebo ok is adequate trainin g for the

engineers who must app ly the Guidebook to their programs. The key element

of this training will be to present the Guidebook as guid e lines and

standards for improved requ irements eng in eering. The success of the

documentation and anal ysis requirements of the Guidebook w ill depend upon

the availability of require m ents eng ineerin g t.ools l ike CADSAT . The

intermediate documentation and analys is need s whi ch are essent ial to the

requirement engineering process are not cons idered to be eas il y

accom p lished without automated assistance . In add iti on , the spec ifi c
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Issues of the acquisi tion environment , the applicat i on of the Guidebook ,

and the use of automated tools must be addressed in specific methodologies

for each acquisition environment as described below.

Requ ireme nts Eng i neer i ng Methodology

The Requirements Engineering Guidebook presented in this report provides

the procedural framework for the definition and anal ysis of system
requirements for any Air Force systems development. The associated list
of automated tool capabilities was developed to complement the Guidebook
and to facilitate the definition , anal ys i s , and documentation of the system
requir emen ts. Spec i f ic a pproaches for the app l i cation of the Gu i debook
within various acquisition environments and the integration of automated

tool capabilities in support of the requirements engineering tasks
described in the Guidebook can be facilitated by specific guidance - a

requirements engineering methodology. The methodology provides the means

of adapt.ing the procedures and tools to specific acquisition environments
and facilitates the introduction of the Guidebook and automated tools. The

development of a requirements engineering methodol ogy for the [SD

acquisition environment based upon the Requirements Engineering Guidebook

and automated assistance from CADSAT can proceed as an extension to the

Requirements Standards Study. Additional guidelines for other acquisition
env ironments can proceed based on the [SD methodol ogy.
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